The aim was to evaluate the presence of meta-
M
etabolic bone disease (MBD), including osteopenia and osteoporosis, is frequently observed in patients with Crohn's disease (CD), 1, 2 but the pathogenesis of this common complication remains under discussion. Chronic inflammation, prolonged use of steroids, as well as low intake of calcium and vitamin D are among the most frequently implicated factors. [2] [3] [4] [5] In a previous case-control study that included 78 patients with CD 6 we observed that a large proportion of patients had a restrictive diet in terms of dairy products and well as of vegetables and fruits, which resulted in a significantly lower intake of calcium, vitamin D, and vitamin K, as compared to controls, all these nutrients being fundamental for bone metabolism. 7 In that same study we observed that patients with CD presented a significantly lower body mass index (BMI) as compared to controls and the prevalence of sedentarism was also higher in CD patients. 6 These latter are also risk factors for MBD.
There is also evidence that chronic inflammation per se has a deleterious effect on bone mass 2 and control of disease activity with modern biologic therapy results in an improvement of bone mineral density. 9 Other investigators have focused on the role that genetic factors might play in the pathogenesis of this complication. There is now evidence that CD results from an imbalance between pro-and antiinflammatory cytokines, where the final result is a chronic and inappropriate inflammatory response to usual endoluminal stimuli such as bacterial flora and luminal nutrients. 10, 11 Previous studies showed that besides systemic inflammatory response, IL1 and IL-6 proinflammatory cytokines play a fundamental role in the paracrine stimulation of osteoclasts, thereby influencing the process of bone reabsorption. 12, 13 In a previous study Schulte et al 14 observed that noncarriage of the 240-basepair allele of the IL-1ra gene and carriage of the 130-basepair allele of the IL-6 were independently associated with increased bone loss. These observations further reinforce the hypothesis that systemic inflammation might also intervene in the pathogenesis of MBD in patients with CD. The aims of the present study were to 1) evaluate the prevalence of MBD in a group of patients with CD as compared to a group of healthy controls matched for age and sex, and 2) to analyze potential etiologic factors, namely, disease characteristics, therapies used for CD, nutritional status, dietary intake, and genetic polymorphisms of cytokine genes.
PATIENTS AND METHODS
The study protocol was approved by the Ethics and Scientific Committees from both the Instituto Portugues de Oncologia Francisco Gentil (IPOFG) and from the University Hospital de Santa Maria, both located in Lisbon, Portugal. All subjects provided informed and written consent before entering the study.
Ninety-nine consecutive outpatients with a confirmed diagnosis of CD who were on a routine visit to the outpatient clinic during the period between September 2004 until November 2007 were asked to participate in the study. The diagnosis was based on previously defined criteria 16 and disease activity was assessed according to the HarveyBradshaw Index (HBI). 17 None of the patients were on steroids at the time of the study and none were hospitalized. Only patients with mild to moderate disease (HBI <7) were included. According to the HBI, 36/99 (36.4%) of patients had moderately active disease with an HBI !4, whereas the remaining 63 (63.6%) had inactive disease. These activity indices refer to at least 3 months/year. Patients with severe active disease (HBI >7) at the time of patient inclusion or with need of systemic steroids were excluded (n ¼ 7). All patients had a stable body weight during the 3 months preceding the study. The control group included 56 healthy individuals, with a similar age and gender distribution (Table 1) .
Physical activity was assessed using Jackson's questionnaire, 18 which categorized subjects in three different levels: low (0), intermediate (1) , and high (2). To improve statistical power and because physical activity was not evaluated in some patients and controls, we considered physical activity on two levels: sedentary versus intermediate/active.
Bone Mineral Density (BMD) Assessment
BMD was measured by dual-energy x-ray absorptionmetry (DXA) at the lumbar spine (second, third, fourth vertebrae) and at the proximal femur, both in patients and controls. All procedures were performed at two radiologic centers for patient convenience. Reference values for men and women were supplied by Lunar Corp., referring to a normal white north European population (2588 white women and men aged 20-79 years). 19, 20 According to WHO, measurement of BMD by DXA is the ''gold-standard'' noninvasive method for the diagnosis of osteoporosis. 21 The presence of MBD is defined using the number of standard deviations (SDs) from normal values of a young reference population, which is the T-score. A T-score lower than À2.5 is diagnostic for osteoporosis while a T-score between À2.5 and À1.0 means osteopenia. In contrast, the Z-score is a comparison of the patient's BMD to an agematched population. A Z-score of À2.0 or lower is considered below the expected range for age and should prompt careful scrutiny for coexisting problems that may contribute to osteoporosis. 22 In the present study we considered both T-score lower than 2.5 and Z-score lower than À2.0 as diagnostic for the presence of MBD, as the clinical significance of osteopenia is debatable.
Dietary Intake
Dietary intake was assessed using a semiquantitative food-frequency questionnaire, validated to the Portuguese population, 23 consisting of 86 food items with nine possible 
Genotype Data
Whole blood samples from CD patients were collected and kept at À20 C until use. DNA extraction was performed with phenol/chloroform extraction. Polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) techniques were used to analyze gene polymorphisms in the IL-1, TNF-a, LTa, and IL-6 genes. For the PCR reaction mixture, with a final volume of 20 lL, we utilized 2 lL of reaction buffer ([Taq buffer þ(NH 4 )2SO 2 ] 10Â), 2 lL MgCl 2 (25 mM), 2 lL dNTPs (2 mM), 0.66 lL of each primer (6 lM), 0.1 lL of Taq DNA polymerase, 1-4 lL of DNA depending on whether DNA was obtained from whole blood or through the Generation Capture Card Kit, and H 2 O until final volume. The primers in use were for IL1b-511 C/T (F:
IL1Ra is a VNTR of 86 bp. The following amplification protocol was used: denaturation at 95 C for 5 minutes, followed by 35 cycles of denaturation at 95 C for 45 seconds, annealing at 60 C for 30 seconds, and extension at 72 C for 1 minute, with a final extension step at 72 C for 10 minutes. The RFLP reaction mixture, with a final volume of 30 lL, consisted of 3 lL of appropriate reaction buffer (10Â) (New England Biolabs, Beverly, MA), 0.5 lL of DdeI (IL1b À511C/T), NcoI (TNF-a À308G/A), HincII (TNF-a À857C/T), HinfI (LTa þ252A/G), and NlaIII (IL-6), 1 lL of BseYI (LTa þ80C/A) and 0.25 lL of TaqI (IL1b þ3953C/T) (New England Biolabs), 0.3 lL BSA for specific enzymes (TaqI, HincII, NlaIII) and H 2 O until final volume. The reaction took place for 2 hours at 37 C for all polymorphisms except for IL1b þ3953C/T, which was carried out at 65 C. After digestion the product was run on a 4% gel and genotypes for each subject were recorded.
Statistical Methods
Statistical analysis was performed using SPSS v. 16 .0 for Windows (Chicago, IL; EUA 2007) and included standard descriptive statistics, partial correlation, and multiple regression. Data were expressed as mean 6 SD, as number of subjects and (percentage), or as odds ratio (OR) and 95% confidence interval (CI). Bivariate analyses were conducted using Student's t-test or Mann-Whitney test for continuous and chi-square for categorical variables. Multiple regression analysis was used to examine the independent effects of demographic factors, disease characteristics, medications used to treat CD, nutritional status, and intake on the existence of MBD. On multivariate analysis, regression models were adjusted for age and sex distribution, smoking habits, BMI, and steroid use. Statistical significance was established for P < 0.05.
RESULTS
In Table 1 we show patient and control characteristics in terms of gender and age distribution, exercise and smoking habits, BMI, and DXA data. As shown, no significant differences were observed with respect to age and gender distribution, nor with respect to physical activity. However, a significantly higher proportion of patients were smokers (P < 0.0001). BMI was similar in patients and controls. BMD, both lumbar and femoral, were similar, but Z-and T-scores both in the spine and in the femur were significantly lower in patients. Accordingly, the prevalence of osteopenia was double in patients, while that of osteoporosis was more than 3 times as prevalent in patients as compared to controls.
As demographic distribution was similar in controls and patients, we tried to identify other possible factors that could explain the presence of MBD only in a subgroup of patients with CD. Table 2 shows patients and disease characteristics considering T-scores lower or higher than À2.5 and Z-score lower or higher than À2.0. If we consider a Tscore lower than À2.5, we observed that older age, small bowel involvement, a penetrating or a structuring phenotype, previous surgical resections, and duration of disease greater than 15 years were all directly and significantly associated with the presence of osteoporosis. In contrast, previous steroid intake evaluated as total number of steroid pulses, number pulses/year of disease, or steroids during the previous year did not show any significant association with the presence of osteoporosis ( Table 2 ). The same applies to the practice of physical exercise or smoking habits. With respect to therapies used, we observed that the use of azathioprine, which was present in 65/99 patients, was a protective factor regarding the presence of osteoporosis (P ¼ 0.006). With regard to infliximab use no significant associations were observed (P ¼ 0.96), although the number of patients treated with this drug was far too small to allow any definitive conclusions. However, 11/13 of the patients treated with infliximab did not have osteoporosis. When we considered patients with a Z-score lower or higher than À2.0, the results were similar, although some differences did not reach statistical significance probably due to the fact that there were only seven patients with a Z-score < À2.0. Interestingly, the disease activity index, which did not show any significant association for the presence of osteoporosis, was now significantly associated with a lower Z-score (Table 2) . With smoking habits and physical activity no significant associations were observed.
When analyzing the association between MBD and the presence of polymorphic alleles either in homo-or heterozygosity for the several cytokine genes analyzed, we observed that patients who carried the polymorphic allele for LTa252 A/G had a higher risk of presenting osteoporosis (P ¼ 0.02), although the risk of having a Z-score < À2.0 did not reach statistical significance (P ¼ 0.08). Also patients carrying the polymorphic allele of IL1Ra, the sole anti-inflammatory cytokine studied, had a tendency to present with a Z-score lower than À2.0 (P ¼ 0.06). Table 3 shows nutritional status and nutrient intake in patients with or without bone disease. Although mean BMI was not significantly different in the patients with and without MBD, we observed that a higher proportion of patients with MBD were malnourished (BMI <18.5 kg/ m 2 ). No differences were observed with respect to energy, protein, or carbohydrate intake (data not shown). However, significant differences were observed with respect to amount and type of fat intake when considering patients with a Z-score lower or higher than À2.0. Very interestingly, we observed that total fat intake, monounsaturated and n6, n3 polyunsaturated fat intake was significantly higher in patients with a Z-score < À2.0. Monounsaturated n9 fat intake was also higher in this group of patients but not significantly so, probably due to the large SDs observed (81 6 78 versus 47 6 39 g/day; P ¼ 0.12). Calcium and vitamin D intakes were low in both groups of patients; 48% and 54% of patients had a low intake of calcium and vitamin D, respectively, according to the RDI values. Vitamin K intake was also under RDI in 50.6% and this proportion was significantly higher in patients with osteoporosis (P ¼ 0.03). Table 4 shows by univariate analysis which factors were associated with higher or lower risk of presenting a T-score lower than À2.5 or a Z-score lower than À2.0. Older individuals, at diagnosis, longer duration of disease, more severe disease with higher HBI scores, and a higher number of previous surgeries were all risk factors for MBD. From a nutritional point of view, low intake of vitamin K and high intake of monounsaturated fat were the sole variables displaying a significant association with the risk of MBD. Carriers of the polymorphic allele for the LTa 252 A/G polymorphism were also at increased risk of osteoporosis. On multivariate analysis (Table 5 ) and adjusting for age and sex distribution, smoking habits, BMI, and previous steroid use, which are factors commonly influencing the presence of MBD in the general population, we observed that only age above 40 years old, chronic active disease with HBI !4, and previous colonic surgeries were significantly associated with the presence of MBD.
DISCUSSION
MBD has long been described as a complication of inflammatory bowel disease, mainly of CD, although the prevalence and the etiologic factors responsible for this complication remain under discussion. [1] [2] [3] [4] It is also debatable which is the most appropriate method to evaluate the presence of MBD in this group of patients. In the present study, DXA was used because it is the method recommended in the last consensus published by ECCO (European Crohn's and Colitis Organization). 24 Because the clinical significance of osteopenia is unknown, since it does not inevitably progresses to osteoporosis, in the present study we used as the gold standard for the diagnosis of MBD the presence of osteoporosis (T-score < À2.5), which is clearly associated with an increased risk for fracture, or a Z-score lower than À2.0. The latter should prompt the identification of other coexisting problems which could contribute to osteoporosis, as recently suggested by the ISCD (International Society for Clinical Densitometry). 22 Since in the present study we were aiming at identifying potential etiologic factors that could be responsible for the presence of MBD in certain patients with CD but not in others, this parameter appeared particularly suitable for that purpose.
Previous studies have shown a prevalence of osteopenia and osteoporosis of %50% and 30%, respectively, but the numbers vary widely. 2 One reason for these discrepancies may be related to the fact that most of these studies do not include a control group. Because MBD is highly prevalent in the general population, in the present study we included a control group with a similar age and gender distribution, so that the magnitude of the problem could be more realistic. In comparison to our control group, we observed that our patient population had a prevalence of osteopenia that was double as compared to controls and a prevalence of osteoporosis that was three times greater. Previous studies identified a variety of factors that could increase the susceptibility for bone loss in this population, including inadequate diet and nutrition, long-term corticosteroid treatment, chronic inflammation per se, and genetic factors as well. 2, [8] [9] [10] [11] [12] [13] [14] 25, 26 In the present study we observed that, besides age, which applies to the general population, small bowel involvement, previous surgical resections, either colonic or involving the small bowel, duration of disease for more than 15 years, and a low intake of vitamin K were all positively associated with the presence of osteoporosis. The association with previous surgical resections was particularly striking. Because these associations were present both for small bowel as well as for colonic resections, we believe that these events may reflect a greater severity of disease as opposed to reflecting the possibility of a short bowel syndrome, as one might at first think. Dietary intake of calcium and vitamin D was low in %50% of CD patients included in the study, but most of these patients were taking these as supplements, which was not accounted for. This could be a reason for these variables not having a discriminative power to distinguish between patients having or not MBD.
With respect to steroids, the deleterious effects of corticosteroids on trabecular bone mass are well documented in some studies, but conflicting evidence comes from longitudinal and cross-sectional studies 5, 20, 25, 27, 28 that failed to show any correlation between the rate of bone loss and steroid use. In a previous study, decreased bone mass was already present at the time of diagnosis 29 in patients with CD. In the present study we observed that the differences between T-and Z-scores in patients and controls were more marked at the level of the lumbar spine (trabecular bone) as compared with the hip (cortical bone), which could suggest that these differences could be related to steroid use. Due to the retrospective nature of our study, previous steroid use was difficult to quantify and three different approaches were used. No significant association was found between the presence of MBD evaluated either as a T-score < À2.5 or a Z-score < À2.0 and previous steroid use. Some authors also raise the hypothesis whether steroid use is just a surrogate marker of more active and chronic disease. 9 Further supporting the role that chronic inflammation per se induces a greater loss of bone mass, we also observed that patients with active disease (HBI !4) and those with a penetrating or stricturing disease, which are usually more aggressive phenotypes, were also those with lower Z-and T-scores, respectively. Azathioprine use showed a protective effect, which also favors the hypothesis that controlling disease activity is beneficial to prevent MBD. In contrast, no effect was observed with the use of biological therapies but the number of patients treated with these drugs is far too small (n ¼ 13). The beneficial effect of biologic therapies in improving MBD in patients with CD has been recently demonstrated. 9 Because imbalances between pro-and antiinflammatory cytokines influence mechanisms of both chronic inflammation and bone reabsorption, previous studies have examined the relation between genetic polymorphisms in genes coding for these cytokines and increased propensity for bone loss. Schulte et al 14 showed that in patients with CD, noncarriage of a 240 bp allele of the IL-1ra gene and carriage of the 130-bp allele of the IL-6 gene were independently associated with increased bone loss. In the present study we only found significant associations with LTa252 A/G polymorphism, with carriers of the polymorphic allele presenting a higher risk for a T-score < À2.5. Probably, either directly or indirectly by influencing disease activity, SNPs at pro-and antiinflammatory cytokines are potential promoter or protector factors with regard to MBD in patients with CD.
One novel aspect of the present study was the association found between low Z-scores and fat intake. Thus, we observed that the amount of total fat as well as the type of fat intake seemed to differ in patients with a Z-score lower or higher than À2.0. In a previous study performed in this same population, we observed that a high intake of total, monounsaturated fat, as well as a higher ratio of n6/n3 polyunsaturated fatty acids, were associated with a more active disease. 15 Fat intake is now regarded as a potent immunomodulatory therapy in patients with CD [30] [31] [32] [33] [34] [35] either by modulating eicosanoid synthesis, by altering cell membrane fluidity, cell signal transduction, or even gene expression. More interestingly, Gassull et al, 30 in a randomized controlled study performed in patients with active CD, examined the effects of an n-6-versus an n-9-enriched diet as compared with conventional therapy with steroids. The study was prematurely stopped because, as opposed to what was expected, patients treated with an n-9-enriched diet had a much lower response rate compared with the other two groups. Later on, we also observed that a high intake of monounsaturated fat was associated with more active disease. 15 In the present study, although in univariate analysis intake of monounsaturated fat was associated with increased risk of presenting a Z-score lower than À2.0, multivariate analysis did not show that fat intake was an independent risk factor for MBD. Nonetheless, further studies are needed to clarify whether the amount and type of fat intake might influence the prevalence of MBD in patients with CD.
The results of the present study further support the concept that MBD is a frequent complication of CD.
Besides age and low body weight, which are also risk factors in the general population, we observed that factors associated with chronic, ongoing, and long-lasting inflammation are probably major risk factors for this complication. To our knowledge this is the first study that includes a control group with similar age and gender distribution, and which simultaneously analyzed demographic, genetic, clinical, and nutritional factors as possible etiologic factors in the pathogenesis of this complication.
